Using a framework of the radiation approximation followed by a two-term perturbation expansion for cosmic ray transport in the spherical polar coordinates (r, θ, φ) we identify the effect of cosmic ray radiation on shock dominated transport. The theory gives the possibility of an approximate description of some parameters (radiation and temperature) in cosmic ray propagation. This can be applied to solar wind acceleration. When the buoyancy parameter F r is negligible, we find that the cosmic ray density at shock boundary (E n ) decreases with increasing temperature. It is also observed that the variation of radiation parameter N in cosmic ray transport has no significant effect in the temperature distribution. Thus, even when radiation is significant, it does not really modify the temperature within the cosmic ray region. However, for increases in the density at shock boundaries say (En), the temperature distribution decreases. __________________________________________________________________________________________ Keywords: cosmic rays, background plasma, radiative shocks, pressure tensor, fluid formalism.
INTRODUCTION
The radiation mechanism of cosmic ray shocks, including the transport of cosmic ray is a question of common interest in astrophysics. It has been known that cosmic rays contribute a viscosity to the collisionless plasma in which they propagate (Williams and Jokipii, 1993 , Ellison, et al. 2010 and Trotta, et al. 2011 . This is the result of the acceleration of particles in shear geometries in the fluid flow. Chih and Lee (1986) used the perturbation approach to investigate cosmic ray transients in interplanetary space. They discovered that high energy particles lead low energy particles within the heliosphere. It remains to explore the effect of radiation at cosmic ray dynamics. Cosmic ray energy also suffers some loss processes by way of particle decay and scattering (Pfrommer, et al, 2008) . In the present paper we employ a two fluid formalism for cosmic ray shocks (e.g. Druruy and Volk, 1981; Wagner, et. al 2006) to include the full cosmic ray pressure tensor for small buoyancy parameter. The special case of a "cold" background fluid with negligible pressure is also considered in this model.
We start by considering the mathematical formulation of the problem for a curvilinear shock (spherical) with no average magnetic field. The case of the influence of magnetic field on the effect of radiation at cosmic ray shocks is deferred to later study. The mathematical formulation is presented in nondimensional form, followed by a two term perturbation expansion. A solution of the basic approximation is deduced in section three, while in section four the higher approximation solution is discussed. Section five is devoted to a discussion of the results of the previous three sections.
MATHEMATICAL FORMULATION
The following is within the two-fluid (the 'cold' background plasma and the cosmic rays) framework. The background plasma contributes mass, momentum, and flow energy to the system. The cosmic rays dominate the internal energy and pressure in the spherical coordinate system. The inner sphere cosmic ray radius r 0 is maintained at temperature T 0 and rotates with angular velocity ω. The outer "cold" background plasma is at temperature T 1 . We assume that the temperatures T 0 ,1 are large enough for radiative transfer to be significant, thus if (u',v',w') and (q',qφ,0) are the velocity and radiative flux components respectively in the spherical polar coordinates (r', φ', z) then considering a time dependent flow, with the equations of motion referenced to the shock frame, the mass, momentum and energy equations gives 
The cosmic ray energy density is defined as
here m 0 is the particle rest mass and m is the relativistic mass measured in the frame of the fluid. The momentum P is measured relative to the fluid frame and c is the speed of light, the integrals are over the isotropic part of the cosmic ray distribution function. We define Where R is spherical radius of the outer plasma. We introduce the following non-dimensional quantities Ω is the gyro-frequency of the cosmic ray particles in the average background radiation field, α and σ are the absorption coefficient and Stefan-Boltzmann constant, Γ and λ are the reflection and accommodation coefficient on the cosmic ray dominant shock. The problem is highly non-linear and thus not amenable to easy analytical treatment. Asymptotic approximation is then invoked. For a simplified cosmic ray dominant shock in which there is a small buoyancy factor F r , for ω we write,
for P and θ, we put
while for u and v we set
Substituting (7) into the governing equations we have the sequence of approximations 0(1): Thus, within the two fluid (the 'cold' background plasma sphere and the cosmic rays) framework, the velocity and temperature be conserved across the shock, this leads to the equations 
are the zero and non-zero components of cosmic ray energy density. We define
Subject to the boundary conditions 
The equations (12-28) allow us to obtain solutions subject to boundary conditions (29). By virtue of the two fluids (the 'cold' background plasma and cosmic rays) framework, the first set of equation (12) give
Next, the equation involving temperature in (12) could be integrated twice to give
If we put 
where and in virtue of (30) the above derivatives are expressible in terms of r. Furthermore using equation (29a) and neglecting the shock pressure, the zero order buoyancy factor 0(Fr) may then be expressed in compact form as 
